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(£) Ensemble prothetique rachidien. 

@ Ensemble prothetique rachidien comportant 
en nombre convenable, des elements protheth 
ques de liaison intervertebraux elastiques avec 
amorrissement pr6sentant au mo ins une 
conformation dont Tune dite omnidirection- 
nelle (2a) comprend deux vis pediculaires assu- 
jetties; Tune sur la vertebre dite haute (4a), 
i'autre sur la vertebra dite basse (4b) et recevant 
des moyens d'ancrage (5-6) reunis par un dispo- 
sitif omnidirectionnel a queues (9) avec demn 
colliers a empreintes circulaires (5a-5b) et 
(6a-6b) enserrant et fixant les queues cyiindri- 
ques (9a-9b). 
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L'invention concerns les protheses pouvant dtre appliquees sur la totality des vertebras du rachis. 

Un rachis norma! peut etre considers en bonne approximation a la fois comme un systeme elastique ou 
chaque liaison intervertebrals reprend sa position d'origine des que I'effort applique a cesse et qui est associe 
a un systeme avec amortissement dans la mesure ou I'energie resultant des chocs divers est disslpee sous 
5 forme de chaleur et n'est pas restitue au systeme elastique sous forme mecanique. 

Les contraintes appliquees sur un rachis normal peuvent etre tres importantes et Ton estime par exemple, 
que la vertebre L3 supportant une charge normale de 70 daN, peut subir une surcharge de 120 daN pour un 
sujet penche a 20° et 340 daN en soulevant seulement un poids de 20 Kg jambes tendues. 

On sait d'autre part que ce meme rachis peut enregistrer jusqu'a 2 millions en moyenne de sollicitations 
10 et chocs de differentes natures par annees soit une centaine de millions de cycles de contraintes durant la 
vie active moyenne d'un individu. Toutes les protheses rachidiennes doivent done repondre idealement a plu- 
sieurs objectifs ausst proches que possible des conditions rencontrees "in vivo" en particulier d'elasticite, 
d'amortissement et de tenue en fatigue. 

Ces domaines ont ete tres recherches et Ton trouve une abondante litterature sur ce sujet ainsi que divers 
15 brevets. 

Parmi la litterature on peut citenThree-dimensional biomechanical properties of the human cervical spine 
in vitro(European spine journal 1993), 

- A biomechanical analysis of short segment spinal fixation using a tree-domensional geometric and me- 
chanical model (spine vol.18 number 5. P.P 536-545 -1993), 

20 - Three dimensional geometrical and mechanical modeling of the lumbar spine (biomechanical vol. 25 N° 
10 P.P 1164/1992), 

Influence of geometrical factors on the behavior of lumbar spine segments: a finite element analysis 
(Europeean spine journal -1994), 

- comportement bio-mecanique d'un ressort inter-apophysaire vertebral posterieur. Analyse experimen- 
25 tale du comportement discal en compression, (rachis 1993- Vol 5 N°2) 

Parmi les brevets, on peut citer 
* - leN°F 2681525 qui concerns un amortisseurseul interepineux, 

- le N°F 2683445 qui presente un autre type d'amortisseur seul a plaques. 

- le N C EP 516567 qui dispose un amortisseur seul avec tsts rotulants, 

30 - Is N°EP 576379 qui decrit un amortisseur seul avec limites de debattements axiaux, 

- Is N° EP 5381 83 qui montre une pastille intervertebrals souple miss en placs par griffss sn lieu et place 
du nucleus pulposus. 

Toutes ces etudes et brevets ne visent que des fonctions dissociees soit d'amortissement soit d'elasticite 
et n'entrent pas de ce fait dans le champ duplication de l'invention. 

35 De plus, l'invention vise un procede permettant de parametrer les elements specif iques d'une prothese 
intervertebrale consistant a determiner par tous moyens appropries tels que radiographie,scanner,imagerie 
RM, les dsfauts a corriger sn rapport avec I'anomalie constatee, a analyser ess dsfauts, a modeliser la proths- 
ss, a la soumettre aprss modslisation a des essais de fatigue sur un banc de fatigue specialise, puis aprss 
caracterisation.a proceder a son implantation sur le patient 

40 l'invention permet en outre, par un dispositif de liaison intervertebrale approprie, associe a des moyens 
d'ancrage sur les vertebres, d'orienter Taction du moyen elastique et d'amortissement dudit dispositif de liaison 
de telle sorte que le praticien puisse corriger certaines affections telles que scolioses par exemple. 
D'une maniere generate, toutes les liaisons interpediculaires consistent pour le praticien: 

- a fixer les vis pediculaires sur les deux vertebres adjacentes interessees, 

45 -a utiliser la partie depassante de ess vis pour assujsttir des moyens d'ancrage avec Isur systeme de 
blocage adapte, 

- a relier au moins deux moyens d'ancrage adjacents par un dispositif de liaison omnidirectionnel ou di- 
rectionnel qui apres blocage, realise rimmobitisation recherchee, 

sans perdre de vue le fait qua Is gssts operatoire doit dtre aids par la facilrte de pose des divers cons- 
50 tituants. 

L'invention, exposee ci-apres a I'aide des dessins annexes.comprend deux parties af in d'en assurer une 
meilleure comprehension: 

. d'une part, I'explication theorique mettant en Evidence I'apparition de la nscsssite de mettre en oeuvre 
une prothese intervertebrale, 
55 . d'autre part, la description du fonctionnement ds la prothese seton l'invention s'inserant dans un en- 

semble rachidien et comportant au moins un element intervertebral incluant sur deux vis pediculaires, 
deux moyens d'ancrage recevant un dispositif de liaison elastique avec amortissement qui peut etre om- 
nidirectionnel ou directionnel et avoir ete modelise avant implantation. 
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Sur lesdessins: 

- la figure 1 est une representation sch6matique montrant a titre d'exemple, le positionnement de prothe- 
ses selon invention sur un segment rachidien entre les vertebres L5 £ L1 et D1 2 et vu en cou pe partielie 
unilaterale, 

5 - la figure 2 est une vue tres sch&matique montrant le comportement m6canique possible des deux ver- 

tebres L5-L4 les plus charg6es et prises comme reference, 

- les figures 3 et 4 sont des graphiques montrant respectivement les contraintes en fatigue pouvant etre 
appliqu6es sur le rachis et le mode de travail type d'un ressoit 

agissant conjointement ou non avec un amortisseur, 
10 - les figures 5 et 6 represented en perspective, d'une part,un dispositif de liaison direction nel avec re- 
present symboliquement un banc d'essais en fatigue et, d'autre part, un dispositif de liaison onmidirec- 
tionnel; cesdits dispositifs etant conformes & I'invention, 

- les figures 7 et 8 montrent respectivement en perspective, un element de liaison omntdirectionnel et un 
6l6ment de liaison directionnel selon i'invention. 

15 - La figure 9 montre un ensemble reel test6 et la fig. 10 les r6sultats de I'essais. 

- Les figures 11 et 12 represented des radiographies apres pose. 

Si Ton se reporte & la figure 1 , on voit represents partiellement & titre d'exemple sur un rachis et entre les 
vertebras L5 et D12, des elements de liaison intervertebraux selon invention avec leurs vis pediculaires, ieurs 
moyens d'ancrage et leurs propres dispositifs de liaison. 
20 Ces elements de liaison rep6res 2 constituent un ensemble de liaison rep6re 1 et peuvent, dans le sens 

de I'invention, etre indifferemment conformes selon les figures 7 ou 8 comme cela sera explicite dans la suite 
du texte. 

lis peuvent en outre conforrn6ment & I'usage, etre disposes de part et d'autre de repine dorsale bien que 
la plupart des dessins ne represented que Tun de ces cdtes.Comme repr6sent6 schematiquement sur la figure 
25 2 on montre les charges et contraintes m6caniques que peuvent subir in vivo les vertebres L5-L4 prises comme 
reference. 

Ces vertebres component un disque d 1 interposition di, compose du nucleus pulposus entoure de I'anulus 
qui est une substance f ibreuse, et les points d'appui sont represent6s en p2-p3 par les apophyses articulaires 
et en p1 par le centre de pression applique sur la partie centrale du nucleus pulposus. 
30 A Tinterieur de ces points d'appuis, se trouve situ6 un point virtue) v d'application de la force instantan n£e 
de compression F et pouvant s'inscrire dans un ellipsoTde E normalement contenu dans ce triangle p1-p2-p- 
3,mais pouvant s'en 6carter par suite d'une d6f icience mecanique desdits points d'appuis. 

A I'etat fondamental normal.le triangle p1-p2-p3 d6f init les plans d'assiette x-x'/y-/ horizontal erne nt et z- 
z* verticalement. 

35 Considered que le rachis peut assumer normalement des debattements tels que: 
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zone concernee 


Flexion 


Extension 


Inclinaison laterale. 


Rotation 


-rachis cervical 


60° 


64° 


80° 


165° 


-rachis dorsal 


35° 


50° 


peu etendu 


20° 


-rachis lombaire 


60° 


45° 


Limite 


Limite 



on admet qu'un d6passement signif icatif de ces valeurs moyennes representee symboliquement par les va- 
45 riations representees par a et/ou b, et/ou c, sur la figure 2, peut entrather des deformations importantes rele- 
vables d'une intervention eventuelle de pose d'une proth6se. 

Se superposent par ailleurs e ces deformations, des contraintes cycliques comme cela a d6ja 6t6 men- 
tionn6. 

La figure 3 montre & cet effet en reference aux symboles usites en resistance des materiaux, les contrain- 
50 tes pouvant s'exercer selon X-Y-Z autour des axes principaux. 
Ces symboles sont notes: 

. a max. -contrainte maximale qui est la plus grande valeur algebrique au cours d'un cycle de contrainte 

(traction ou tension -•'.compression ou pression -), 
. a min. -contrainte minimale qui est la plus petite valeur algebrique au cours d'un cycle de contrainte, 
55 .cm -contrainte moyenne qui est la composante statique de la contrainte et la moyenne algebrique des 

contraintes a max et a min, 
. a a 1a2 -amplitude de la contrainte qui est la composante altern6e de la contrainte, demi difference al- 
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g6brique entre a max et a min, 
. f -frequences de cycles (min. sea) 
Resistance & la fatigue (d'apres ISO R 373- 1964) 

. N -endurance ou longevity & la fatigue correspondent au nombre de cycles necessaires pour provoquer 
5 la rupture (gSnSralement exprimee en multiples de 10 6 ) 

. a n -resistance a la fatigue pour N cycles ou valeur de la solicitation pour laquelle le dispositif presen- 

terait une longSvitS de N cycles. 
. a D -limits de fatigue, dSterminee statistiquement et qui peut etre illimitee, 
. d - contrainte de cisaillement 
10 On a reports sur la figure 2 symboJiquement, les contraintes exercees et representees sur la figure 3. 

La partie descriptive donnee a titre de forme de realisation, va montrer comment invention peut etre mise 
en oeuvre a travers la suite du texte. 

En se reportant k la figure 1, on rappelle qu'un ensemble prothetique rachidien selon i'invention, repere 
1 dans son ensemble, comporte en nombre convenable des elements prothetiques de liaison 2 disposes ge- 
ts neralement de part et d'autre de I'Spine dorsal e. 

Dans I'exemple, I'ensemble 1 englobe les vertebras L5 & D12. 

Chaque element de liaison 2 peut comporter, selon les besoins de la cause, une conformation soit omni- 
directionnelle 2a comma represents sur la figure 7,soit directionnelle 2b comme represents sur la figure 8. 
Un element de liaison omnidirectionnel 2a, comprend en premier lieu, deux vis pediculaires 3a-3b assu- 
20 jetties sur chacune des vertebres 4a (haute) et 4b (basse) et leur partie dSpassante f HetSe regoit des moyens 
d'ancrage 5-6 constitues de deux demi-colliers 5a-5b et 6a-6b serres par des Serous 7 et 8. 

L'element est complStS par un dispositif de liaison 9 omnidirectionnel possedant des queues 9a-9b pouvant 
Stre tordues par des outils chirurgicaux classiques au moment de la pose, pour venir s'adapter trSs exactement 
entre les demi colliers des moyens d'ancrage 5 et 6. 
25 I'ensemble ainsi constitue est bloque par les Serous 7-8 aprSs mise en place en tenant compte du rSglage 
et du positionnement inter vertSbral e1. 

Un tel SISment 2a est dit omnidirectionnel en ce sens que ie dispositif de liaison 9 n'a pas d'orientation 
angulaire privilegiee comme cela ressort de I'examen de la figure 6. 

Sur cette figure 6 on voit que le dispositif de liaison 9 comporte des queues 9a-9b et prSsente un corps 
30 de rSvolution oblong creux 10 tel que cylindrique,fendu hSItcoidalement afin de le rendre Slastique axialement 
et la section 11 prSsente une allure fermSe de prSfSrence rectangulaire tandis qu'aux parties supSrieures et 
infSrieures sont fixSes lesdites queues 9a-9b et que la partie centrale creuse 12 dudit corps est remplie au 
repos d'un produit viscoSlastique d'amortissement fluS en dSbordement interfente. 

Un SISment de liaison directionnel 2b comprend Sgatement, en premier lieu.deux vis pSdiculaires 14a-14b 
35 assujetties sur chacune des vertebres 1 5a (Haute) et 1 5b (basse) et leur partie dSpassante f iletSe, re$oit des 
moyens d'ancrage 16-17 constitues de demi-colliers 16a-16b/17a-17b serres par des Serous 24-25. 

Ces demi-colliers ont une empreinte sphSrique afin d'enserrer des nobc cylindro-sphSriques 22-23 avec 
fentes 26-27 recevant les queues 1 8a- 1 8b du dispositif de liaison 1 8 et les Serous 24-25 assurent par serrage 
et aprSs reglage de I'espace intervertSbral e2 et le positionnement angulaire correct selon "0", le blocage de 
40 I'ensemble. 

le corps 20 du dispositif de liaison 18 qui peut Stre cylindrique, comporte des fentes transversales dissy- 
mStriques 21 garnies au repos d'un produit viscoSlastique 22 fluS en dSbordement interfentes. 

Un tel SISment 2b est dit directionnel en ce sens que te nombre, la largeur.la profondeur etles orientations 
angulaires des fentes 21 permet par un positionnement convenable "0", de corriger Slastiquement certains de- 
45 fauts tels que scolioses par exemple. 

La figure 5 montre comment les dispositifs de liaison 2a ou 2b peuvent Stre testSs en fatigue aprSs en- 
cast rement de leurs queues 9a-9b ou 18a-18b dans les mors d'un banc d'essais repSrS schSmatiquement 23 
sur cette figure et dont les SISments mScaniques sont aisSment concevables. 

Un tel banc permet d'aff icher pratiquement tous les paramStres utiles & la definition des dispositifs de 
so liaison selon I'invention. 

Ainsi on peut dSf inir a titre d'exemple : 

- la force d'application axiale F estimSe a 100 daN, 

- la flexion latSrale sens x-x* : a 1=4°- a 2=4° 

- la flexion latSrale sens y-y* : p 1=4°- p 2=4° 
55 - la rotation autour de I'axe z-z' : y 1 =1 °- y 2=1° 

pour un nombre de cycles dSpassant 10*. 

les essais sont conduits en contriiant le positionnement du point v par rapport a I'ellipsoide E ainsi que 
('orientation "0" et toutes les informations sont recueillies parun capteur 24 et traitSes par une chatne de me- 
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sures 25. 

Les demandeurs ont conduit sur banc d'essais adapts, des essais permettant de def inir un ensemble ra- 
chidien prothetique biomecanique proche de celui existant in-vivo. 

La figure 9 montre les caracteristiques dimensionnelles du disposif if mis en oeuvre et la figure 10 les re- 
5 sultats d'essais obtenus sous forme d'un enregistrement graphique. 

Selon cette figure 9, ledit dispositif prothetique presente les caracteristiques dimensionnelles suivantes 
(en mm.); d1 (ext)= 13/ d2 (int)= 7/ d3=d4= 6/f 1 =12/f2= 3= 18/f 4=?5= 1,5/ s1= 4/ s2= 2,5/ f= 2,5 It 6=f7= 
3,8 et les disques d'ext remites d'ep 1 ,5 ont ete soudes par faisceaux d'electrons sur les queues qui par ai Ileurs 
presentent des pointes de diamant en surface pour emp§cher la rotation axiale apres fixation. 
10 Un precambrage de R=220 mm. peut etre pratique pour faciliter la pose. 

La figure 10 montre la courbe resultante de I'essais pratique sur I'ensemble dimensionne cndessus et 
constitue d'un acier 5832/3 ISO biocompatible poll miroir. 

Sur cette figure, on note les points caracteristiques suivants: 

15 

- pour 1 nun. de deformation - charge applique 1 e: .500 N, 

- " 1,5 mm. •» •' » : env. 800 N, 

- " 2 mm. " - 11 " : env. 2 ZOO N. 

20 

Ces points caracteristiques sont tres proches de ceux resultant du comportement biomecanique humain 
selon les conceptions generalement admises. 

Les figures 11 et 12 representent, a titre d'exemple de realisation, deux radiograph ies de face et de prof i I 
de ('implantation recente effectuee par I'un des demandeurs qui est le Docteur ELBERG, d'un ensemble 
25 prothetique rachidien conforme a I'invention (26) sur un patient age de 60 ans. 



Revindications 

30 -1-/ Ensemble prothetique rachidien 1 caracterise en ce qu'il comporte en nombre convenable, des ele- 
ments prothetiques de liaison intervert6braux elastiques avec amortissement (2) presentant selon les besoins 
une conformation, soit omnidirectionnelle (2a) comprenant au moins deux vis pediculaires (3a-3b) assujetties 
Tune sur la vertebre dite haute (4a)l'autre sur la vertebre dite basse (4b) et recevant des moyens d'ancrage 
(5-6) reunis par un dispositif de liaison omnidirectionnel a queues (9),soit directionnelle (2b) comprenant au 

35 moins deux vis pediculaires de meme genre (14a-14b) assujetties I'une sur la vertebre dite haute (1 5a) I'autre 
sur la vertebre dite basse (15b) et recevant des moyens d'ancrage (17-18) reunis par un dispositif de liaison 
directtonnel a queues (18), et chaque element (2) est parametre et normalise avant pose par reference a des 
essais prealables sur banc de mesures. 

-2-/Ensemble prothetique rachidien selon la revendication 1 caracterise en ce que I'element prothetique 

40 de liaison omnidirectionnelle (2a) comporte un dispositif de liaison (9) presentant un corps de revolution oblong 
creux (10) tel que cylindrique, fendu helicoidalement pour le rendre elastique axialement et la section spiralee 
(11) presente un allure polygonale de preference rectangutaire, tandis qu'aux parties superieure (10a) et infe- 
rieure (10b) dudit corps sont assujetties des queues haute (9a) et basse (9b) destinees a fit re fixees apres 
cambrage convenable in situ sur des moyens d'ancrage (5-6) alors que la partie centrale creuse (12) dudit 

45 corps (10) est remplie au repos d'un produit viscoelastique d'amortissement (13) flue en debordement inter- 
fente. 

-3-/ Ensemble prothetique rachidien selon la revendication 1 caracterise en ce que I'element prothetique 
de liaison directionnelle (2b) comporte un dispositif de liaison (18) presentant un corps de revolution tel que 
cylindrique possedant, d'une part, en partie centrale des fentes transversales dissymetriques (21) en nombre 
so de largeur de profondeur et d'orientations convenables af in de le rendre elastique direction nellement dans le 
sens axial apres orientation convenable selon °0" et d'autre part, en ses parties extremales, des queues cy- 
lindriques haute (18a) et basse (18b) liees a des moyens d'ancrage (16-17) tandis que les fentes (21) sont 
remplies au repos d'un produit viscoelastique d'amortissement (21) flue en debordement interfente. 

-4-/ Ensemble prothetique rachidien selon la revendication 2 caracterise en ce que les moyens d'ancrage 
55 (5-6)comprennent sur la partie depassante f iletee des vis pediculaires (3a-3b) des demi-colliers a empreintes 
circulaires (5a-5b) et (6a-6b) enserrant les queues cyfindriques haute (9a) et basse (9b) garantissant apres 
serrage des ecrous (7-8) I'immobilisation totaJe de I'ensemble de I'element de liaison (20). 

-5-/ Ensemble prothetique rachidien selon la revendication 3 caracterise en ce que les moyens d'ancrage 
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(16-17) comprennent sur la partie depassante filetee des vis pediculaires (14a-14b) das demi-colliers a em- 
preinte spherique (16a-16b/17a-17b) enserrant des noix cylindrico-spheriques fendues (22-23) recevant les 
queues cylindriques haute (18a) et basse (18b) garantissant, apres orientation radial e convenable selon "O" 
et reglage selon e2, par le serrage des ecrous (24-25), une immobilisation totale de I'ensemble de I'element 
5 de liaison (2b). 

-6-/ Ensemble prothetique rachidien seton Tune quelconque des revendications 1 a a 5 caracterise en ce 
que les queues (9a-9b/18a-18b) peuvent etre communes a deux elements de liaison adjacents. 

-7-/ Ensemble prothetique rachidien selon Tune quelconque des revendications 1 a 5 caracterise en ce 
que les moyens d'ancrage (5-6) ou (16-17) sont agences en largeur pour pouvoir recevoir deux queues. 
10 -8-/ Ensemble prothetique rachidien selon Tune quelconque des revendications 1 a 6 caracterise en ce 
que son parametrage consiste: 

- a determiner par tous moyens appropries (radiographie.imagerie RM,scanner....) les defauts a corriger 
en rapport avec I'anomalie constatee, 

• a analyser ces defauts pour en degager les parametres correctifs, 
15 - a modeliser la prothese en fonction des parametres correctifs releves, 

- a soumettre la prothese modelisee aux essais sur banc de fatigue, 

- a normaliser le modele de prothese teste aux essais af in d'etre a meme de reconstituer, en fonction de 
chaque cas considere, le type de prothese repondant exactement a I'application chirurgicale envisagee, 

- a implanter ladite prothese. 

20 -9-/ Ensemble prothetique selon Tune quelconque des revendications 1 a 8 caracterise en ce que le banc 
de mesures en fatigue ((23) comporte sur un bdti: 

- un moyen de fixation des queues (9a-9b/18a-18b), 

- un dispositif duplication de contraintes variables sous charge F dans des limites de deplacement du 
point vurtuel (v) a I'interieur de Tellipsoide (E) qui est representative des valeurs limites admissibles (a1- 

25 a2/pi-02/y1-y2), 

- un capteurtridimensionnel (24), 

- une chathe de mesures (25). 

-10-/ Ensemble prothetique selon Tune quelconque des revendications 1-2-4-6-7-8-9- caracterise en ce 
qu'il se presente sous la forme omnidirectionnelle (26) avec comme dimensions (en mm.): d1 (ext)=13/ d2 
30 (int)=7/d3=d4=6/ 1 1=1 21 1 2=^3=1 8 f 4=f 5=1 .51 s1=4/ s2=2,5/ f=2,5/ f 6=^7=3,8/ et les disques d'extremites 
sont soudes par faisceaux d'electrons sur les queues qui par ailleurs comportent des pointes de diamant en 
surface; (edit ensemble presentant aux essais des points caracteristiques tres proches de ceux du comporte- 
ment biomecanique humain. 
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Fig- 6 
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Spinal prosthesis unit comprising an appropriate number of elastic intervertebral linkage 
prosthetic elements with damping, presenting at least one conformation of which one, called 
omnidirectional (2a), comprises two connected pedicular screws; one being connected to the so- 
called high vertebra (4a), the other to the so-called low vertebra (4b), and receiving anchoring 
means (5-6) which are connected by an omnidirectional device with tail sections (9) with half 
clamps having circular contact areas (5a-5b) and (6a-6b) which tighten and fix the cylindrical tail 
sections (9a-9b). 




The invention concerns the prosthesis that can be applied to all the vertebrae of the spine. 

A normal spine can be considered, in a good approximation, to be at the same time like a 
system which is elastic or [sic; where] each intervertebral link resumes its original position as 
soon as the force applied stops, and which is also associated with a system with damping to the 
extent or [sic; that] the energy resulting from the various shocks is dissipated in the form of heat 
and not returned to the elastic system in mechanical form. 
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The forces applied to a normal spine can be very large, and it is estimated, for example, 
that the vertebra L3 supports a normal load of 70 daN, and that it can support an excess load of 
120 daN when a subject leans forward by 20° and 340 daN when a subject lifts a 20 kg weight 
with the legs extended. 

Moreover, it is known that this same spine can be subject up to an average of 2 million 
stresses and shocks of different types over the years, which amounts to approximately one 
hundred million stress cycles during the average active life of an individual. All these spinal 
prostheses therefore must ideally meet several objectives approximating as much as possible the 
particular conditions of elasticity, damping and resistance to fatigue encountered "in vivo." 

A great amount of research has been carried out, and there is an extensive literature on 
the subject as well as various patents. 

From the literature one can cite: Three-dimensional biomechanical properties of the 
human cervical spine in vitro (European Spine Journal 1993), 

- A biomechanical analysis of short segment spinal fixation using a tree-domensional 
[sic; three-dimensional] geometric and mechanical model (Spine, Vol. 18, Number 5, pp. 536- 
445-1993), 

- Three-dimensional geometrical and mechanical modeling of the lumbar spine 
(Biomechanical, Vol. 25, No. 10, pp. 1 164/1992), 

- Influence of geometrical factors on the behavior of lumbar spine segments: a finite 
element analysis (Europeean [sic; European] Spine Journal - 1994), 

- Biomechanical behavior of a posterior vertebral inter-apophyseal spring. Experimental 
analysis of the behavior of the disk under compression. (Rachis 1993 - Vol. 5, No. 2). 

Among the patents one can cite: 

- No. F 2681525 which concerns a separate interspinal damping device, 

- No. F 2683445 which presents another type of a separate damping device with plates, 

- No. EP 516567 which has a separate damping device with ball head, 

- No. EP 576379 which describes a single damping device with axial displacement limits, 

and 

- No. EP 538183 which shows a flexible intervertebral plug which is put in place with 
claws in the place of the nucleus pulposus. 

All these studies and patents pertain only to dissociated functions of either damping or 
elasticity, and consequently they do not fall within the field of application of the invention. 

In addition, the invention relates to a method which allows the parameterization of the 
specific elements of an intervertebral prosthesis, which consists in determining by any 
appropriate means, such as radiography, scanner, MR imaging, the defects to be corrected in 
connection with the observed anomaly, in analyzing these defects, modeling the prosthesis, 
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submitting it to fatigue tests on a specialized fatigue bench after the modeling, and then 
proceeding to implant it in the patient after the characterization. 

In addition, the invention, by means of an appropriate intervertebral linkage device, 
which is associated with means for anchoring to the vertebra, makes it possible to orient the 
action of the elastic means and of the damping of said linkage device in such a manner that the 
practitioner can correct certain disorders, such as, for example, scoliosis. 

In general, all the interpedicular linkages, for the practitioner, consist in: 

- fixing the pedicular screws to the two adjacent vertebra in question, 

- using the projecting part of these screws to connect anchoring means with their adapted 
blocking system, 

-joining at least two adjacent anchoring means by an omnidirectional or bidirectional 
linkage device which, after blocking, achieves the desired immobilization, 

without losing sight of the fact that the surgical procedure must be facilitated by the ease 
of the placement of the different constituents. 

The invention, which is described below with reference to the drawings in the appendix, 
comprises two parts to ensure a better understanding of the invention: 

• on the one hand, the theoretical explanation which demonstrates the appearance of the 
need to use an intravertebral prosthesis, and 

• on the other hand, the description of the functioning of the prosthesis according to the 
invention, which is inserted in a spinal unit and comprises at least one intervertebral element 
including two pedicular screws, two anchoring means which receive a device for elastic linkage 
with damping which can be omnidirectional or directional, and which may be modeled before 
the implantation. 

In the drawing: 

- Figure 1 is a schematic representation showing as an example the positioning of the 
prosthesis according to the invention on a spinal segment between the vertebrae L5 to LI and 
D12, shown in a unilateral partial cross section, 

- Figure 2 is a very schematic view showing the possible mechanical behavior of the two 
vertebrae L5-L4 which bear the heaviest load and are used as reference, 

- Figures 3 and 4 are graphs showing the fatigue stresses that can be applied to the spine 
and the typical working mode of a spring, respectively; 

working in conjunction with or without a damper, 

- Figures 5 and 6 represent, in a perspective view, on the one hand, a directional linkage 
device with, shown symbolically, a fatigue test bench, and, on the other hand, an omnidirectional 
linkage device; said devices being in conformity with the invention, 
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- Figures 7 and 8 show, in a perspective view, an omnidirectional linkage device and a 
directional linkage element according to the invention, respectively, 

- Figure 9 shows an actual tested unit, and Figure 10 the results of the tests, and 

- Figures 1 1 and 12 represent radiographs after placement. 

If one refers to Figure 1, one can see a partial representation as an example of the 
intervertebral linkage elements according to the invention, on a spine and between the vertebrae 
L5 and D12, with their pedicular screws, their anchoring means, and their own linkage devices. 

These linkage elements bearing the reference numeral 2 constitute a linking unit bearing 
the reference numeral 1, and they can, according to the invention, be shaped as in Figure 7 or 8, 
as will be explained in the remainder of the text. 

In addition, they can, in conformity with usage, be arranged on both sides of the dorsal 
spine, although most of the drawings represent only one of these sides. As represented 
schematically in Figure 2, the loads and mechanical stresses that the vertebrae L5-L4, taken as 
reference, can be subjected to in vivo are shown. 

These vertebrae comprise an interposition disk di, which consists of the nucleus pulposus 
surrounded by the annulus, which is a fibrous substance, and the bearing points are represented 
at p2-p3 by the articular apophyses and at pi by the center of pressure applied to the central part 
of the nucleus pulposus. 

Inside these bearing points is found a virtual point v of application of the instantaneous 
compression force F and inscribed within an ellipsoid E which is normally contained in this 
triangle pl-p2-p-3, although it can be shifted as a result of a mechanical deficiency of said 
bearing points. 

In the normal fundamental state, the triangle pl-p2-p3 defines the seating planes x-x7y-y' 
horizontally and z-z f vertically. 

Considering that the spine can normally undergo displacements such as: 



Area concerned 


Flexion 


Tension 


Lateral inclination 


Rotation 


- cervical spine 


60° 


64° 


80° 


165° 


- dorsal spine 


35° 


50° 


moderately extended 


20° 


- lumbar spine 


60° 


45° 


Limited 


Limited 



It is assumed that, if these average values which are represented symbolically by the variations 
represented by a and/or b, and/or c, in Figure 2, are exceeded significantly, large deformations 
can result which may require an intervention consisting of the placement of a prosthesis. 

In addition, cyclic stresses are superposed over these deformations, as already mentioned. 
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In this regard, Figure 3 shows with reference to the symbols conventionally used in the 
study of materials, the stresses that can be applied along X-Y-Z around the principal axes. 
The symbol notations are: 

• a max. - maximum stress which is the largest algebraic value during a stress cycle 
(traction or tension +, compression or pressure -), 

• a min. - minimum stress which is the smallest algebraic value during a stress cycle, 
•am.- average stress which is the static component of the stress and the algebraic 

average of the stresses a max and a min, 

• a ai, 2 - amplitude of the stress which is the alternating component of the stress, half of 
the algebraic difference between a max and a min, 

• f - frequency of the cycles (min sec). 
Resistance to fatigue (according to ISO R 373-1964) 

• N - endurance or longevity when undergoing fatigue corresponding to the number of 
cycles necessary to cause the rupture (generally expressed in multiples of 10 6 ) 

•an- resistance to fatigue for N cycles or value of the stress at which the device would 
present a longevity of N cycles, 

• a D - fatigue limit, which is determined statistically and can be unlimited, and 

• 5 - shearing stress. 

In Figure 2, the stresses applied and represented in Figure 3 are represented symbolically. 

The descriptive part given as embodiment will show how the invention can be carried out 
in the continuation of the text. 

With reference to Figure 1, it is recalled that a spinal prosthesis unit according to the 
invention, referred to in its entirety by the reference numeral 1, comprises an appropriate number 
of linkage prosthetic elements 2 which are generally arranged on both sides of the dorsal spine. 

In the example, the unit 1 comprises the vertebrae L5-D12. 

Each linkage element 2 can comprise, as needed, an omnidirectional conformation 2a, as 
represented in Figure 7, or a directional conformation 2b, as represented in Figure 8. 

An omnidirectional linkage element 2a comprises, in the first place, two pedicular screws 
3a-3b which are connected to each one of the vertebrae 4a (top) and 4b (bottom), and their 
threaded projecting part receives anchoring means 5-6 consisting of two half clamps 5a-5b and 
6a-6b which are tightened by nuts 7 and 8. 

The element is completed by an omnidirectional linkage device 9 which possesses tail 
sections 9a-9b that can be twisted by classical surgical instruments at the time of the placement, 
to come to fit very exactly between the half clamps of the anchoring means 5 and 6. 

The unit so constituted is blocked by the nuts 7-8 after the placement, taking into account 
the regulation and the intervertebral positioning el. 
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Such an element 2a is called omnidirectional in the sense that the linkage device 9 has no 
privileged angular orientation, as is apparent from an examination of Figure 6. 

In Figure 6, one sees that the linkage device 9 comprises tail sections 9a-9b and presents 
a hollow oblong body 10 generated by rotation, for example cylindrical rotation, which is split in 
a helicoidal manner to make it axially elastic, and section 1 1 presents a closed, preferably 
rectangular, shape, while at the upper and lower parts said tail sections 9a-9b are fixed, and the 
hollow central part 12 of said body is filled at rest with a damping viscoelastic product which 
creeps with interslit overflow. 

A directional linkage element 2b also comprises, in the first place, two pedicular screws 
14a- 14b which are connected to each one of the vertebrae 15a (top) and 15b (bottom), and their 
threaded projecting part receives anchoring means 16-17 which consist of half clamps 16a- 
16b/17a-17b which are tightened by nuts 24-25. 

These half clamps have a spherical contact area for the purpose of gripping the 
cylindrospherical sheaves [unconfirmed translation] 22-23 with slits 26-27 receiving the tail 
sections 18a- 18b of the linkage device 18, and the nuts 24-25 ensure the blocking of the unit, by 
tightening and after regulation of the intervertebral space e2 and the correct angular positioning 
according to "0." 

The body 20 of the linkage device 18, which can be cylindrical, comprises asymmetric 
transverse slits 21, which are packed at rest with a viscoelastic product 22 which creeps with 
interslit overflow. 

Such an element 2b is called directional in the sense that the number, the width, the depth 
and the angular orientations of the slits 21 allow, as a result of an appropriate "0" positioning, the 
elastic correction of certain defects such as, for example, scoliosis. 

Figure 5 shows how the linkage devices 2a or 2b can be tested in fatigue tests after 
embedding their tail sections 9a-9b or 18a- 18b in the clamps of a test bench, which is 
schematically referenced 23 in this figure, and whose mechanical devices are easily designed. 

Such a bench makes it possible to display almost all the parameters that are useful for 
defining linkage devices according to the invention. 

Thus one can define, for example: 

- the axial application force F, estimated at 100 daN, 

- the lateral flexion in the x-x f direction: al=4°-a2 = 4° 

- the lateral flexion in the y-y' direction: (3 1 = 4° - p 2 = 4° 

- the rotation about the axis z-z': yl = l 0 -y2 = l° 
for a number of cycles exceeding 10 6 . 
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The tests are carried out by controlling the positioning of the point v with respect to the 
ellipsoid E, as well as the "0" orientation, and all the information is collected by a sensor 24 and 
processed by a chain of measurements 25. 

On an adapted test bench, the applicants conducted tests to define a biomechanical 
prosthetic spinal unit, similar to the one existing in vivo. 

Figure 9 shows the dimensional characteristics of the device used, and Figure 10 shows 
the results of the tests obtained in the form of a graphic recording. 

According to this Figure 9, said prosthetic device presents the following dimensional 
characteristics (in mm): dl (ext) = 13/62 (int) = 7/d3 = d4 = 6//1 = 12//2 = 3 = 18//4 = /5 = 1.5/sl 
= 4/s2 = 2.5/f = 2.5/Z6 = 17 = 3.8, and the end disks with thickness 1.5 were welded with electron 
beams to the tail sections which, moreover, present diamond tips on the surface to prevent axial 
rotation after fixation. 

A bending of R = 220 mm can be applied to facilitate the placement. 

Figure 10 shows the curve resulting from the tests, as carried out on the unit having the 
above dimensions and consisting of an ISO 5832/3 biocompatible steel polished to a mirror 
surface. 

In this figure, the following characteristic points are noted: 

- for 1 mm of deformation - load applied: 500 N, 

- for 1.5 mm of deformation - load applied: approximately 800 N, and 

- for 2 mm of deformation - load applied: approximately 2200 N. 

These characteristic points are very similar to those resulting from human biomechanical 
behavior according to the generally accepted concepts. 

Figures 1 1 and 12 represent, as an embodiment example, two front and profile 
radiographs of the recent implantation carried out by one of the applicants, namely Doctor 
ELBERG, of a spinal prosthesis unit (26) according to the invention in a 60-year-old patient. 

Claims 

1. Spinal prosthesis unit 1, characterized in that it comprises an appropriate number of 
elastic intervertebral linkage prosthetic elements with damping (2), presenting, as needed, either 
an omnidirectional conformation (2a) comprising at least two pedicular screws (3a~3b), which 
are connected, one to the so-called high vertebra (4a), and the other to the so-called low vertebra 
(4b), and receiving anchoring means (5-6) which are joined by an omnidirectional linkage device 
with tail sections (9), or a directional linkage device (2b) comprising at least two pedicular 
screws of the same type (14a- 14b), which are connected, one to the so-called high vertebra (15a) 
and the other to the so-called low vertebra (15b), and receiving anchoring means (17-18), which 
are joined by a directional linkage device with tail sections (18), and each element (2) is 
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parameterized and normalized before placement in reference to prior tests carried out on 
measurement benches. 

2. Spinal prosthesis unit according to Claim 1, characterized in that the omnidirectional 
linkage prosthetic element (2a) comprises a linkage device (9) presenting a hollow oblong body 
(10) generated by rotation, for example cylindrical rotation, which is slit helicoidally to make it 
axially elastic, and the spiral-shaped section (11) presents a polygonal appearance which is 
preferably rectangular, while, to the upper part (10a) and the lower part (10b) of said body, a 
high tail section (9a) and a low tail section (9b) are attached, which are intended to be fixed after 
appropriate bending in situ, to anchoring means (5-6), while the hollow central part (12) of said 
body (10) is filled at rest with a damping viscoelastic product (13) which creeps with interslit 
overflow. 

3. Spinal prosthesis unit according to Claim 1, characterized in that the directional 
linkage prosthetic element (2b) comprises a linkage device (18) presenting a body generated by 
rotation such that the cylindrical part possesses, on the one hand, in a central part, asymmetric 
transverse slits (21) with a number, a width, a depth, and orientations which are appropriate to 
make it directionally elastic in the axial direction after appropriate orientation along "0," and, on 
the other hand, at its extreme parts, a high cylindrical tail section (18a) and a low cylindrical tail 
section (18b), which are connected to anchoring means (16-17), while the slits (21) are filled at 
rest with a damping viscoelastic product (21) which creeps with interslit overflow. 

4. Spinal prosthesis unit according to Claim 2, characterized in that the anchoring means 
(5-6) comprise, on the threaded projecting part of the pedicular screws (3a-3b), half clamps with 
circular contact areas (5a-5b) and (6a-6b) gripping the cylindrical high tail section (9a) and low 
tail section (9b) guaranteeing, after tightening of the nuts (7-8), the complete immobilization of 
the entire linkage element (20). 

5. Spinal prosthesis unit according to Claim 3, characterized in that the anchoring means 
(16-17), comprise, on the threaded projecting part of the pedicular screws (14a- 14b), half clamps 
with spherical contact area (16a- 16b/ 17a- 17b) gripping slit cylindrospherical sheaves (22-23), 
which receive the high cylindrical tail section (18a) and the low cylindrical tail section (18b) 
guaranteeing, after an appropriate radial orientation along "0" and regulation along e2, by the 
tightening of the nuts (24-25), a total immobilization of the entire linkage element (2b). 

6. Spinal prosthesis unit according to any one of Claims 1-5, characterized in that the tail 
sections (9a-9b/18a-18b) can be common to two adjacent linkage elements. 

7. Spinal prosthesis unit according to any one of Claims 1-5, characterized in that the 
anchoring means (5-6) or (16-17) are arranged in terms of width so that they can receive two tail 
sections. 
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8. Spinal prosthesis unit according to any one of Claims 1-6, characterized in that the 
parameterization consists in: 

- determining by any appropriate means (radiography, MR imaging, scanner. . .) the 
defects to be corrected in connection with the anomaly observed, 

- analyzing these defects to identify their corrective parameters, 

- modeling the prosthesis as a function of the corrective parameters determined, 

- subjecting the modeled prosthesis to tests on the fatigue bench, 

- normalizing the tested prosthesis model in tests to be able to reconstitute, as a function 
of each case considered, the type of prosthesis that corresponds exactly to the surgical 
application considered, and 

- implanting said prosthesis. 

9. Spinal prosthesis unit according to any one of Claims 1-8, characterized in that the 
fatigue measurement bench (23) comprises on a frame: 

- a means for the fixation of tail sections (9a-9b/18a-18b), 

- a device for the application of variable stresses under a load F within the limits of 
displacement of the virtual point (v) inside the ellipsoid (E) which is representative of the 
admissible limit values (a 1 -a2/p 1 -P2/yl -y2), 

- a three-dimensional sensor (24), and 

- a chain of measurements (25). 

10. Spinal prosthesis unit according to any one of Claims 1, 2, 4, 6, 7, 8 and 9, 
characterized in that it is in the omnidirectional form (26) with, as dimensions (in mm): dl (ext) 
= 13/d2 (int) = 7/d3 = d4 = 6//1 = 12//2 = 13 = 18//4 = 15 = 1 .5/sl = 4/s2 = 2.5/f = 2.5/Z6 = 17 = 
3.8/, and the disks are welded by electron beams to the tail sections which, moreover, comprise 
diamond tips on the surface; said unit presenting, in the tests, characteristic points which are very 
similar to those of human biomechanical behavior. 
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